Background: Recent advances in tendinopathy research have focused on tendon vascularization detected with Color Doppler (CD) ultrasound. The use of CD has also been described in horses in a study on chronic lesions of superficial digital flexor tendon and suspensory ligament. Aim: The aim of this study was to investigate the occurrence and distribution of power Doppler (PD) signal in horses with superficial digital flexor tendinopathy. Methods: Twenty-five horses with tendinopathy were included and 10 healthy horses with no lameness and no ultrasonographic abnormalities were used for comparison. Results: In all horses with tendinopathy, the PD signal was visible while normal tendons with no abnormalities in B-mode were PD signal-free.
Introduction
Although there is still discussion about the role of neovascularization in tendinopathy, B-mode ultrasonography is routinely used for diagnosis of tendinopathy and desmopathy both in human and equine species. Recent advances in tendinopathy research have focused on tendon vascularization detected with color Doppler (CD) ultrasound (Terslev et al., 2001) . In a study on the midportion of the Achilles' tendon of human beings, CD ultrasound revealed vascularization in the painful area with structural changes in tendons with chronic tendinopathy but not in pain-free normal tendons (Ohberg et al., 2001) . The use of CD has also been described in horses in a study on chronic lesions of superficial digital flexor tendon (SDFT) and suspensory ligament, which confirmed the absence of CD in normal tendons and ligaments (Kristoffersen et al., 2005) . CD signal was in contrary detected in affected SDFT and suspensory ligament (Kristoffersen et al., 2005) . More recently, other authors stated that blood flows appearing on CD images of equine SDFT were indicative of vessels in residual inflammatory granulation tissue replenishing the injured tendon, concluding that CD images could provide another ultrasonographic method for differentiating between inflammatory granulation and hypovascular scar tissues during the remodeling phase of tendon healing (Murata et al., 2012) . Power Doppler (PD), unlike CD, is independent of the probe being aligned to the flow and can detect abnormal vascularity in tendons with higher sensitivity compared to CD (Richards et al., 2005) . PD ultrasound has demonstrated to detect blood flow in Achilles' tendinopathy even when the vessels are too small to be visualized with spectral ultrasound or magnetic resonance imaging (MRI) (Richards et al., 2010) . PD ultrasound has recently been used in the horse to assess the vascularity of suspensory branches in horses (Rabba et al., 2018) . For the assessment of the severity of neovascularization, scoring systems such as the modified Ohberg et al. (2001) or Filippucci-Grassi scoring system (Filippucci et al., 2007) have been reliably used to estimate the Doppler signal in clinical studies (Rabba et al., 2018) . The aims of this study were to investigate the occurrence of tendon vascularity by means of PD and to compare B-mode to PD ultrasonographic images of SDFTs in horses with tendinopathy of digital flexor tendons.
Materials and Methods

Horses-inclusion criteria
Lame horses (group L) were prospectively included if they were diagnosed to have superficial digital flexor tendinopathy based on the B-mode ultrasonographic examination that occurred in 3 weeks since lameness onset. The severity of lameness at the trot was graded from 1 to 5 on a scale of 5 [American Association of Equine Practitioners (AAEP) scoring system]. Regional analgesia was used to confirm the source of pain, depending on the visibility and/or severity of clinical signs. Ten non-lame horses, with neither clinical nor ultrasonographic signs of tendinopathy of digital flexor tendons, were used as a control group (group C). Ultrasonographic examination-material and technique All ultrasonography were performed by the same operator. Ultrasound examination in group L was performed at least 6 hours after diagnostic analgesia. Horses were sedated with detomidine chlorohydrate 10 mcg/kg. The hair was clipped, the skin was degreased with alcohol or warm water, and the acoustic gel was applied. The tendons were examined with a linear transducer (frequency used ranging from 7.5 to 12 MHz), and a stand-off pad was used. Different portable and non-portable ultrasound machines were used for the study (GE PRO SERIES LOGIC 400, MEDISON SONOVET R3, ESAOTE Mylab 30). B-mode longitudinal and transverse sections were realized on the weight-bearing limb. Non-weight-bearing and dynamic examinations were realized when necessary to examine the manica flexoria and relative flexor tendon sliding in B-mode. Machine setting for PD evaluation required to set for low flow with the lowest possible pulse repetition frequency and the lowest possible wall filter. The color gain was set just below the noise level. The focus was placed where the highest sensitivity was required or just below the region of interest. The color box was large and placed on the entire section area of SDFT. For the PD examination, the limb was flexed to relax the tendons. The structures were also examined in longitudinal and transverse planes without a stand-off pad. B-mode and PD scoring Ultrasonographic images were saved in Digital Imaging and Communications in Medicine (DICOM) format for off-line review; in the control group of SDFT, crosssectional area (CSA) and the PD score assignment were measured at zones 2A. In group L, CSA and Scoring assignment were performed at maximum injury zone. In B-mode, images were scored using Type Lesion Echogenicity Score (ES) attributed as 0 (isoechoic), −1 (hypoechoic), −2 (more hypoechoic), −3 (anechoic), +1 (hyperechoic), and +2 (more hyperechoic). Fiber Pattern Score (FPS) was considered as alignment of collagen fibers in longitudinal scans; low values indicated normal pattern, while higher values were related to completely disrupted pattern: >75% 0; 50%-75% 1; 25%-50% 2; and <25% 3. PD signal was scored using two different scores: Filippucci-Grassi semi-quantitative scoring system [Power Doppler Filippucci-Grassi (PDFG)] (Filippucci et al., 2007) 
Ethical approval
The study involved clinical cases. No experimental procedures have been executed, the PD examination is a standard non-invasive technique currently used, as CD, in addition to the standard B-mode, to study blood flux. Animal's owners were informed and gave permission. In compliance with National animal care legislation, the Institutional ethics committee of the Department of Emergencies and Organ Transplantation of the University of Bari approved this study.
Results
Lame horses (group L) and clinical data
Twenty-five horses corresponded to selection criteria. Horses included were mainly Standardbred (13 Standardbreds, 2 Angloarabs, 2 Haflinger, 2 ponies, 2 quarter horses, 3 Italian saddle horses, and 1 warmblood), aged 2-23 years (mean age 8.32 ± 4.84 years old and were 400-650 kg (mean 484.99 ± 67.34 kg) in weight. Twenty-two affected horses had a unilateral forelimb and three horses had hindlimb lameness. Degree of lameness was meanly 2.68 ± 0.48. The SDFT lesions were located in the metacarpal and metatarsal region.
B-mode ultrasonographic examination
Tendons of horses of group C had homogeneous echogenicity and regular fiber pattern with B-mode scores (ES and FPS) equal to 0. Mean CSA was 0.76 ± 0.05 cm 2 . In group L, CSA increased significantly versus control group (p < 0.01), measuring meanly 1.74 ± 0.66 cm 2 . Mean ES of the ill-defined areas with the SDFT was 2.00 ± 0.82 and the mean fiber pattern score (FPS) was 2.32 ± 0.69.
PD ultrasonographic examination
No intratendinous PD signal was detected (PD scores equal to 0) in tendons of horses of group C; only positive PD signal was detectable in intertendinous space (Fig. 1) . All tendon lesions of horses of group L showed intratendinous vascularization. Mean PD signal of the illdefined area within the SDFT was 2.48 ± 0.65 with the PDFG scale, while 3.4 ± 0.82 with PDOH scale (Fig. 2) .
Correlation among B-mode scores and PD scores
No correlation was observed among ES and PD score neither using the Filippucci-Grassi scoring system nor using the Ohemberg. Also, FPS was not correlated with PDFG nor PDOH. Also, CSA was not correlated to any examined scoring system. Correlation between the PD scores calculated based on the two scoring systems was very high (Spearman's r = 0.95, p < 0.05).
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